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( 1) ( 2)
. ,
.
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$\rho,$
$\phi,$ $v=-\nabla\phi,$ $g,$ $\eta,$ $p,$ $p_{\mathrm{t}},$ $T_{\mathrm{m}}$ , Bernoulhi
[5].
$\rho(\frac{\partial\phi}{\partial t}+\frac{v^{2}}{2}+g\eta \mathrm{I}+p+p_{\iota}+T\mathrm{m}=\mathrm{C}\mathrm{o}\mathrm{n}\mathrm{S}\mathrm{t}$ . (1)
, $\phi=0,$ $v=0,$ $p=0$ .
Bernoulli ,
. , .





. $h$ $\mu$ $b=\mu h$
. $\mu_{0}=4\pi\cross 10-7\mathrm{H}/\mathrm{m}$ , $1.4\mu_{0}$
. $[\cdots]$ , ( )
( - ) .
$\nabla\cdot b=0$ , Amp\’ere
$\nabla\cross h=0$ $\psi$ $h=-\nabla\psi$ .
$\psi$ , Laplace $\nabla^{2}\psi=0$ .
, .
$0=[b_{\mathrm{n}}]$ , $0=[h_{\mathrm{s}}]$ . (3)
, $b_{\mathrm{n}}$ $h_{\mathrm{s}}$ ,
,
. (2) $b_{\mathrm{n}},$ $h_{\mathrm{s}}$ .
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. ( ) $k$ .
, $x$ ,
$y$ , $\eta’$ ,
$n\simeq y-\eta’x$ , $s\simeq-x-\eta’y$ (6)




$b_{\mathrm{n}}=$ $b\cdot n\simeq b_{y}^{0}+b_{y}^{1}-\eta’b_{x}0$ ,
$-h_{\mathrm{s}}=-h\cdot s\simeq h_{x}^{01}+h_{x}+\eta h_{y}^{0}$
’
(7)
. (3) , $\psi$
$\{$
$\eta’[b_{x}^{0}]\simeq[b_{y}^{1}]$ $=$ $[- \mu\frac{\partial\psi}{\partial y}]$ ,
$-\eta’[h_{y}^{0}]\simeq[h_{x}^{1}]=$ $[- \frac{\partial\psi}{\partial x}]$
(8)
. , $0$ (3) .
(5),(8) \psi , $\psi=\psi^{0}+\psi^{1}$
$\psi^{1}$ . $a_{1},$ $a_{2}$ ,
$= \frac{1}{\mu_{1}+\mu_{2}}$ (9)
. , $i,j=1,2$ , $b_{\mathrm{n}i}=b_{\mathrm{n}j}=$
$b_{\mathrm{n}},$ $h_{\mathrm{s}i}=h_{\mathrm{s}j}=h_{\mathrm{s}}$ $0$ , $b_{x}^{0}=\mu h_{x}^{0}$ ,




. , (5) (9) $b_{yi}^{1}$ , h
, .
$T_{\mathrm{m}}^{1}=-[h^{0}]yb_{y}^{1}i+[b_{x}^{0}]h_{xj}1$




[6, 9, 10], . $0$
.
4
$\nabla\cdot b=0$ $\nabla\cross h=0$ 2
, 2 ,
$\frac{\partial b_{x}}{\partial x}=-\frac{\partial b_{y}}{\partial y}$ , $\frac{\partial h_{y}}{\partial x}=\frac{\partial h_{x}}{\partial y}$ (13)
Cauchy-Riemann , [4].
, , Flat space $Z=X+i\mathrm{Y}$
, Real space $x+iy$ .
$\mathrm{Y}=0$ . , Flat space




$\frac{\partial x}{\partial X}=\frac{\partial y}{\partial \mathrm{Y}}=e^{-\tau}\cos\theta$, $\frac{\partial y}{\partial X}=-\frac{\partial x}{\partial \mathrm{Y}}=e^{-\mathcal{T}}\sin\theta$ (15)
$\frac{\partial X}{\partial x}=\frac{\partial \mathrm{Y}}{\partial y}=e^{\tau}\cos\theta$ , $\frac{\partial \mathrm{Y}}{\partial x}=-\frac{\partial X}{\partial y}=-e^{\mathcal{T}}\sin\theta$ (16)
. , $\theta(Z)$ $\tau(Z)$ ,
(15) X $\mathrm{Y}=0$ $X$ , $x=$
126
$x(X),$ $y=y(X)$ . , (16)
$(s_{x}, s_{y})=(-\cos\theta, -\sin\theta)$ , .
$\frac{\partial X}{\partial s}=s_{x^{\frac{\partial X}{\partial x}+}}S_{y}\frac{\partial X}{\partial y}=-e\mathcal{T}$, $\frac{\partial \mathrm{Y}}{\partial s}=s_{x}\frac{\partial \mathrm{Y}}{\partial x}+s_{y^{\frac{\partial \mathrm{Y}}{\partial y}}}=0$ . (17)
, Flat space –
, $H_{X}$ $B_{Y}$ .
. , $\Psi=-H_{X}X-(B_{Y}\mu)\mathrm{Y}$
( z ) $A=-B_{Y}X+(\mu H_{X})\mathrm{Y}$ ,
$H_{X}=- \frac{\partial\Psi}{\partial X}--\frac{1}{\mu}\frac{\partial A}{\partial \mathrm{Y}}$ , $B_{Y}=- \cdot\mu\frac{\partial\Psi}{\partial \mathrm{Y}}=-\frac{\partial A}{\partial X}$ (18)
. Real space
$\psi(s, n)=\Psi(X(s, n),$ $\mathrm{Y}(S, n)),$ $a(s, n)=A(X(s, n),$ $\mathrm{Y}(\mathit{8}, n))$
, Real space
.
(19)$\{-h_{\mathrm{s}}b_{\mathrm{n}}==\frac{\partial\psi}{\frac{\theta_{a}^{s}}{\partial s}}==\frac{\frac{\partial X}{\mathit{9}\ovalbox{\tt\small REJECT}}}{\partial s}+\frac{\frac{\partial \mathrm{Y}}{\mathit{3}\not\in}}{\partial s}\frac{\frac{\partial\Psi}{3_{A}^{\mathrm{Y}}}}{\partial \mathrm{Y}}\frac{\partial\Psi}{\frac,\partial X@4}+==e^{\mathcal{T}}Be^{\tau}H_{X}Y\cdot$
’








$0= \frac{\partial b_{x}}{\partial x}+\frac{\partial b_{y}}{\partial y}=$ $e^{\tau}( \frac{\partial\tau}{\partial x}+\frac{\partial\theta}{\partial y})(\mu Hx\cos\theta-B_{Y}\sin\theta)$
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$-e^{\tau}( \frac{\partial\theta}{\partial x}-\frac{\partial\tau}{\partial y}\mathrm{I}^{(.\theta}\mu HX\sin\theta+BY\cos)$ ,
$0=. \frac{\partial h_{y}}{\partial x}-.\frac{\partial h_{x}}{\partial y}=$ $e^{\tau}( \frac{\partial\tau}{\partial x}+.\frac{\partial\theta}{\partial y})(Hx\mathrm{s}\mathrm{i}\mathrm{n}.\theta+\frac{B_{Y}}{\mu}\cos\theta)$
$+e^{\tau}( \frac{\partial\theta}{\partial x}-\frac{\partial\tau}{\partial y})(Hx\cos\theta-\frac{B_{\mathrm{Y}}}{\mu}\sin\theta)$
(21)
(22)
, $H_{X},$ $B_{\mathrm{Y}}$ $\theta$
$\theta$
$\tau$ Cauchy-Riemann .
(16) Cauchy-Riemann , $\frac{\partial\tau}{\partial X}=-\frac{\partial\theta}{\partial \mathrm{Y}},$ $\frac{\partial\theta}{\partial X}=\frac{\partial\tau}{\partial \mathrm{Y}}$
$(x, y)$ $(X, \mathrm{Y})$ . , $\theta,$ $\tau$ Flat space
Real space . , $\theta,$ $\tauarrow 0$




$p_{\mathrm{t}}=\Gamma(\ddot{x}\dot{y}-\dot{x}\ddot{y})/(\dot{x}^{2}+\dot{y}^{2})^{3/2}$ ( $\Gamma$ : , $(\dot{x})\equiv\partial x/\partial X$ )
, (15) $p_{\mathrm{t}}=-\Gamma e^{\tau}\dot{\theta}$ .
, (19) ,
$T_{\mathrm{m}}= \frac{[\mu]e^{2\tau}}{2}(\frac{B_{Y}^{2}}{\mu_{1}\mu_{2}}+H_{X}^{2}\mathrm{I}$ (24)
, $H_{X},$ $B_{Y}$ $[\mu]$ – .
, $X$ Bernoulli ,
$e^{-\mathcal{T}} \sin\theta-\frac{\Gamma}{\rho g}\frac{\partial}{\partial X}(e^{\mathcal{T}}\frac{\partial\theta}{\partial X})+\frac{[\mu]}{2\rho g}\frac{\partial}{\partial X}e^{2\tau}(\frac{B_{Y}^{2}}{\mu_{1}\mu_{2}}+H_{X}^{2})=0$ (25)










, . , Real space
, Flat space . ,
Flat space $(X, \mathrm{Y})$ , Real space
$(\theta, \tau)$ ,
$i=1,2$ . $\gamma$ $\theta_{i}$ . ,
, 2 .




$-[ \frac{1}{\mu}]b_{\mathrm{n}}\sin\gamma=[Hxe^{\mathcal{T}}\cos\theta]-[\frac{B_{\mathrm{Y}}}{\mu}e^{\tau}\sin\theta]$ , (28)
$-[\mu]h_{\mathrm{s}}\cos\gamma=[\mu H_{X}e^{\tau}\cos\theta]-[B_{Y}e^{\mathcal{T}}\sin\theta]$ , (29)









. $\alpha_{i}$ $\equiv e^{\tau_{i}}\cos(\theta i-\gamma)=\frac{\partial \mathrm{Y}_{i}}{\partial n}=-\frac{\partial X_{i}}{\partial s},$ $\beta_{i}\equiv$
$e^{\tau_{i}} \sin(\theta i^{-\gamma})=\frac{\partial \mathrm{Y}_{i}}{\partial s}=\frac{\partial X_{i}}{\partial n}$ . $\beta_{i}$ ,
, $\mathrm{Y}=0$
, $\alpha_{i}$
$\beta_{i}=-\frac{[\alpha]/[\mu]}{\mu_{1}+\mu_{2}}\mu_{i}(\frac{B_{Y}}{H_{X}}+\mu_{j}^{2)}\frac{H_{X}}{B_{Y}},$ $[ \beta]=\frac{[\alpha]}{\mu_{1}+\mu_{2}}(\mu 1\mu 2^{\frac{H_{X}}{B_{Y}}}-\frac{B_{Y}}{H_{X}}\mathrm{I}$ (36)
(32), (33) . , $i$
. (34), (35) , $b_{\mathrm{n}},$ $h_{\mathrm{s}}$ $\alpha_{i}$
$b_{\mathrm{n}}= \frac{H_{X}[\beta]+B_{Y}[\alpha/\mu]}{[1/\mu]}=\frac{-\mu_{1}^{2}S_{2}\alpha_{2}+\mu_{2}s21\alpha_{1}}{(\mu_{2^{-}\mu)B}^{22}1Y}$ , (37)
$-h_{\mathrm{s}}= \frac{H_{X}[\mu\alpha]-B_{Y}[\beta]}{[\mu]}$ $= \frac{S_{2}\alpha_{2}-s_{11}\alpha}{(\mu_{2}^{2}-\mu^{2}1)Hx}$ (38)
. , $S_{i}\equiv B_{Y}^{2}+\mu_{i}^{2}H_{X}^{2}$ . (37), (38)
, .
$T_{\mathrm{m}}= \frac{[\mu]e^{\mathcal{T}_{1}+}\tau_{2}}{2}\{(\frac{B_{Y}^{2}}{\mu_{1}\mu_{2}}+H_{X}^{2}\mathrm{I}^{\mathrm{c}}\mathrm{o}\mathrm{s}(\theta_{2}-\theta\iota)+\frac{[\mu]B_{Y}Hx}{\mu_{1}\mu_{2}}\mathrm{S}^{\cdot}\mathrm{n}(\theta 2-\theta 1)\mathrm{I}\cdot(39)$
(26), (27) $\gamma,$ $\theta,$ $\tau$ ,
$h_{x}^{0_{i}}+h^{1}=-xih_{\mathrm{s}}^{0}-h^{1}- \frac{b_{\mathrm{n}}^{0}}{\mu_{i}}\mathrm{S}\gamma$ $=H_{X}+H_{X} \tau i-\frac{B_{\mathrm{Y}}}{\mu_{i}}\theta i$ , (40)
$b_{yi}^{0}+b_{yi}^{1}=-\mu_{i}h^{0}\gamma \mathrm{S}+b_{\mathrm{n}}^{0}+b_{\mathrm{n}}^{1}=\mu_{i}H_{X}\theta_{i}+B_{Y}+B_{Y}\tau_{i}$ (41)
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, $\gamma\simeq\eta’,$ $h_{xi}^{0}=-h_{\mathrm{s}}^{0},$ $b_{\mathrm{n}}^{0}/\mu_{i}=h_{yi}^{0};b_{yi}^{0}=b_{\mathrm{n}}^{0},$ $-\mu_{i}h_{\mathrm{s}xi}^{0_{=}}b^{0}$ 1
2 (7) . , 3
(5) (9)
,
$h_{xi}^{1}=- \frac{\partial\psi_{i}}{\partial x}=[\mu]\frac{\pm(b_{y}^{0}/\mu_{i})\eta^{\prime 0}+h_{x}k\eta}{\mu_{1}+\mu_{2}}$ , (42)
$b_{yi}^{1}=- \mu_{i}\frac{\partial\psi_{i}}{\partial y}=[\mu]\frac{\pm\mu_{i}h_{x}^{0_{\eta’bk\eta}}-0y}{\mu_{1}+\mu_{2}}$ , (43)
$-h_{\mathrm{S}}^{1}=h1h^{0\prime}h^{0} \frac{2(b_{y}^{0}/h^{0})x\eta+[\prime\mu]k\eta}{\mu_{1}+\mu_{2}}xi^{+\eta=}yix$
’ (44)
$b_{\mathrm{n}}^{1}=b_{yi}^{1}-b0\prime b_{y}xi\eta=0_{\frac{-2\mu_{1}\mu 2(h^{0}x/b_{y}^{0})\eta-[\prime\mu]k\eta}{\mu_{1}+\mu_{2}}}$ (45)
. , .
(37), (38) , $[\alpha]arrow 0$ , , $\alpha$
. (36) $\beta_{i}arrow \mathrm{O}$ , $\mathrm{Y}=0$
– , $x=\mathrm{c}\mathrm{o}\mathrm{n}\mathrm{S}\mathrm{t}$ . . $\alpha_{1}=\alpha_{2}=e\mathcal{T}$
, (37), (38) (19) , (39) (24) .
, $(\theta, \tau)$ , Bernoulli
.
, $h_{xii}^{0}=Hx,$$b_{y}0=BY$ (40), (41)
1 3 , $(\theta_{i}, \tau_{i})$ $(h_{xi}^{1}, b_{yi}^{1})$
. $(\theta_{i}, \tau_{i})$ , (42), (43)
, $(\theta_{i}, \tau_{i})$ $h_{xi}^{1},$ $b_{yi}^{1}$
Cauchy-Riemann ,
(40), (41) $(\theta_{i}, \tau_{i})$ .
$\theta_{i}=.[\mu]\frac{\pm(\mu_{i}^{2}H_{X}^{2}-B_{Y}^{2})\eta’-2\mu iH_{X}BYk\eta}{S_{i}(\mu_{1}+\mu 2)}$ , (46)
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$\tau_{i}=[\mu]\frac{\pm 2\mu iHXBY\eta’+(\mu_{i}^{2}H^{2}-B2Y)x.\eta k}{S_{i}(\mu_{1}+\mu 2)}$. (47)
, $\theta,$ $\tau$ .
6
, .
, Flat space $\mathrm{Y}=0$ Real space






? , Flat space Real space
, – ,
$\theta_{1,2},$
$\tau_{1,2},$ $\gamma$ , $\alpha_{i}-i\beta_{i}=e\tau_{i}-i\theta_{i}+i\gamma$ $\alpha_{1,2},$ $\beta_{1,2},$ $\gamma$ .
$\alpha_{1,2},$ $\beta_{1,2}$ , $\theta_{1,2},$ $\tau_{1,2}$ , $\alpha_{i},$ $\beta_{i}$
Hilbert , (32), (33) ,
. - , , (34),
(35) $\alpha_{1,2},$ $\beta_{1,2}$ , (39) Bernoulli
. $P\mathrm{t}=-\Gamma e^{\tau}\dot{\theta}$ $\theta=\gamma,$ $\tau$ ,
, Hilbert $\theta$ $\tau$ .
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